Wben a crude extract from 8-day-old wheat (Trincum aestivum L. cv. Olympic) leaves was fractionated by a combination of ammonium sulfate precipitation and Sephadex G-100 chromatography the presence of three factors which have a marked effect on the stability of highly purified nitrate reductase was revealed. Two of these factors (I and Ill) have a positive effect and the other factor (II) has a negative effect on stability. Factors I and III can each overcome the instability-promoting effect of II; however, this was apparently not due to a direct effect on factor II.
The in vitro activity and stability of nitrate reductase in crude extracts were found to vary diurnally. Stability and activity were highest 4 hours after the start of the light period and both were minimal 1 to 3 hours after the end of the lght period. When crude extract was fractionated as described above and an assessment made of the relative amounts of I, II, and III, there appeared to be a distinct diurnal variation in their levels. Factors I and III were highest when in vitro nitrate reductase activity and stability were highest. Factor 11 was apparently out of phase in that maximum activity coincided with the time of minimum in vitro nitrate reductase activity and stability.
The enzyme nitrate reductase (NR)3 exhibits considerable fluctuation in in vitro activity in response to light to dark transitions (8, 13, 29) , N03 nutrition (22) , and water stress (1, 11). In addition, variation in NR activity between cultivars of many important agricultural plants has been observed and these differences have been related to grain yield and grain nitrogen yield (3-5, 7, 9, 12, 27) .
The causes of these differences and responses to environmental changes are not well understood. However, several mechanisms have been discussed (2). To these should be added the role of reversible inhibition by low mol wt effectors such as cyanide (see 17) and the higher mol wt compound recently reported by Jolly and Tolbert (13) . Loss of activity could also be caused through protein degradation and a peptide hydrolase with some specificity toward NR has been isolated from maize (31) . An uncharacterized inactivating factor has also been isolated from rice roots (14) and ' rice cells in suspension culture (33, 34) .
Here, we report the isolation from crude extract of wheat leaves of two types of factors, one negative and two positive, which affect the in vitro stability of NR. Data are presented which show that the relative amounts of these factors change during a 12-h light, 12-h dark cycle and that these changes appear to be related to an observed diurnal change in the in vitro stability and activity of NR. A preliminary report of this work has already been presented (24) .
MATERIALS AND METHODS
Plant Material. Wheat seedlings (Triticum aestivum L. cv. Olympic) were grown as described previously (26) . The primary leaf of 8-day-old seedlings was used.
Crude Extract. The same procedure was used in every experiment and all steps were carried out at 0 to 4 C. Leaves Preparation of Factors I and III. All of the following experiments were carried out at 4 C. In each case the equilibrium buffer was 25 mm K-phosphate, 5 mM EDTA (pH 7.5). A column of Sephadex G-100 (55 x 7.0 cm) was loaded with 32 ml of 30 to 45% and 45 to 60%1o ammonium sulfate fraction for factors I and III, respectively. The flow rate was 100 ml/h and 10-ml fractions were collected.
Those fractions exhibiting maximum factor I and III activity were pooled and each concentrated by dialysis against PEG 6000. Factor I was further purified by loading 4 ml onto a column of Sepharose 4B (48 x 2.6 cm) and collecting 4-ml fractions at a flow rate of 30 ml/h. In the case of factor III, 4 ml was loaded onto a Sephadex G-75 column (48 x 2.6 cm). Four-ml fractions were collected at a flow rate of 60 ml/h.
Determination of NR Activity. A 25-ml sample was loaded and 5-ml fractions collected. Sephacryl was used in preference to Sephadex G-100 as it gave a satisfactory separation of I and II and the high flow characteristics of the gel allowed for rapid elution. Factor III was prepared by 45 to 60%Yo ammonium sulfate precipitation and Sephadex G-100 chromatography. A 5-ml sample was loaded and 5-ml fractions collected. The column (45 x 2.6 cm) had a flow rate of 30 ml/h. Both the Sephacryl and Sephadex columns were equilibrated with 25 mm K-phosphate, 5 mm EDTA (pH 7.5). Each elution profile was assayed as described below. The quantity of each factor was determined by integrating the peak area from the elution profile of extracts made from plants harvested at the times indicated. Protein in the fractions eluted in the peak area of each factor was determined according to the procedure of Lowry et al. ( 15) following precipitation with 12% (w/v) trichloroacetic acid. Data for quantity of factor and Lowry protein were used to determine the specific activity of each factor.
Assay of Factors Affecting NR. The standard assay procedure to detect the presence and activity of factors affecting NR was to incubate 200 I1 of the factor with 200 ,ul (<I ,utg protein) of highly purified NR for 60 min at 10 C. This temperature was chosen so as to be sufficiently low to minimize thermal denaturation of NR but high enough to allow the factors to affect the NR. Activity is expressed in units where I unit is either the per cent reduction or increase in NR remaining after 60 min compared with a suitable control. This assay is by its very nature subject to the limitation that comparisons in absolute terms, between experiments are not possible if the t/2 of the NR is variable. While the t1/2 was found to be similar between preparations, practicality dictated that enzyme be diluted according to the variable demands of each experiment. This meant that the t1/2 was variable, however, in those experiments where comparisons were necessary, e.g. in Figures and 6, the t1/2 was always kept the same.
RESULTS
Crude extract was fractionated using ammonium sulfate and the resuspended precipitates were examined for their effect on stability of highly purified NR. Two effects were observed (Table  I ). The 0 to 30%o and 30 to 45% fractions caused a reduction in stability. NR was also precipitated in this range. The 45 to 60%7o and 60 to 1O00o fractions both caused a marked increase in stability of NR. When the 30 to 45% ammonium sulfate fraction was subjected to serial dilution and the diluted fractions examined for their effect on stability of NR, it was found that the tl/2 (25 C) for NR increased with dilution (Table II) , for example, t112 of 19 min for 1:5 dilution compared with tl/2 of 13 min for undiluted fraction.
Further separation of these positive and negative effects was achieved by gel exclusion chromatography. Figure I shows the results of an experiment in which crude extract and the four ammonium sulfate fractions were separated on Sephadex G-100 Plant Physiol. Vol. 64, 1979 (Fig. 2) , when rechromatographed over Sepharose 4B. There was no evidence of any additional negative effect on NR stability with this further separation. Although there was some relation between the A280 profile NITRATE REDUCTASE 441 and the elution profile of the stability factors the specific activity (units/A2ws) was not the same for each factor.
Factor III (from Sephadex G-100) was examined in a similar manner but was found to be resolved only as a single factor. Sephadex G-75 (Fig. 3) was considered to give the best separation and this was used to prepare factor III routinely. Figure 4 shows the time course of the effect of factors I, II, and III on highly purified NR at 10 C. In each case the loss of NR activity followed apparent first order kinetics. Factors I and III reduced the rate of loss of NR and factor II apparently increased the rate. Short term studies of nitrate-dependent NADH oxidation indicated that neither factors I and III nor factor II caused a stimulation or inhibition of NR, respectively (data not shown). More detailed studies of the interaction between factor II and NR will be reported elsewhere. Separation of factor I on Sepharose 4B. Factor I was prepared by elution from Sephadex G-100 as described under "Materials and Methods." The effect of the separated fractions on NR was determined according to the method described in Figure I (-) . The Am of each fraction was also measured (0). NR preparation ti/2 = 65 min. These interactions could be due either to a direct inhibitory effect on factor II or an interaction with NR so that the enzyme is no longer susceptible to factor II. In order to distinguish between these effects an experiment was carried out in which the effect of varying the amount of both I and III on NR stability, in the presence and absence of factor II, was examined. The rationale was that at very low concentrations of either I or III a nonspecific protection phenomenon, analogous to casein and BSA, was unlikely. However, if either I or III continued to overcome the effect of II then a specific inhibitory effect may have been the mechanism of interaction.
EFFECT OF FACTORS I, II, AND III ON NR
The effect of factors Ia, b, c, d and III on stability of NR was very much concentration-dependent (Fig. 5) ; however, at low concentrations of either factor where a minimal effect on NR was observed, there was no detectable effect on factor II (data not shown).
RELATION BETWEEN FACTORS 1, II, III AND IN VITRO STABILITY AND ACTIVITY OF NR
Subject to the limitation that only partial separation of factors I, II, and III was achieved by the combination of ammonium sulfate precipitation and gel exclusion chromatography the method was nevertheless a practical way of assessing whether there was a diurnal variation in any of these factors. Figure 6 shows the results of an experiment where the amount of each factor (units per g fresh weight) was measured during a 12-h light, 12-h dark cycle.
Diurnal Variation in Stability and Activity of NR. The in vitro stability of NR in crude extracts fluctuates diurnally and follows a similar pattern to that of in vitro activity (Fig. 6A) . Stability is at a maximum approximately 4 h after commencement of the light period, however this high level of stability was not maintained and low stability was observed throughout the rest of the light and the dark period. The fluctuation in stability was much greater than that observed for in vitro NR activity (100o, cf 50%o).
Diurnal Variation in Factors I, II, and III. Maximum activity (units per g fresh weight) of both factors I and III occurs during the light period (Fig. 6 , B and C) and is closely associated with maximum stability and activity of NR. The minimum activity of I and III occurs during the dark period and coincides closely with minimum stability and activity of NR. The decline in activity of I and III is accompanied by an increase in the activity of factor II (Fig. 6D ). This relation also seems to hold when I and III are at (-) and sta from crude extract were determined according to the pre under "Materials and Methods" (Fig. 6A) . The effect of (6C), and III (6D) on NR was determined according outlined in Figure 1 . In each case specific activity is sh symbols. In each case specific activity is shown by th Activity of factors I, II, and III is expressed as units/fres unit is equivalent to a 1% increase (I and III) or deci activity after 60 min at 10 C.
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